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baryon-to-photon ratio n = n,/n,,

CMB and BBN tell us:
e Composition of Universe
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Parameter Plik best fit Plik [1] CamSpec [2] (121 - [1D/oy Combined

Qb o 0.022383  0.02237 + 0.00015 0.02229 + 0.00015 -05 0.02233 + 0.00015
QR 0.12011 0.1200 + 0.0012 0.1197 + 0.0012 -0.3 0.1198 + 0.0012
10000 < v o veeen 1.040909  1.04092 + 0.00031 1.04087 + 0.00031 -02 1.04089 + 0.00031
T 0.0543 0.0544 + 0.0073 0.053612:2069 -0.1 0.0540 + 0.0074
In(10°4) . ........ 3.0448 3.044 + 0.014 3.041 £ 0.015 -0.3 3.043 £0.014
B oo 0.96605 0.9649 + 0.0042 0.9656 + 0.0042 +0.2 0.9652 + 0.0042
QR . 0.14314 0.1430 + 0.0011 0.1426 + 0.0011 -0.3 0.1428 + 0.0011
Ho [ km s'Mpc™!] 67.32 67.36 + 0.54 67.39 + 0.54 +0.1 6737 +0.54
(9 T 0.3158 0.3153 + 0.0073 0.3142 + 0.0074 -0.2 0.3147 +0.0074
Age[Gyr] ......... 13.7971 13.797 + 0.023 13.805 + 0.023 +0.4 13.801 + 0.024
e T 0.8120 0.8111 + 0.0060 0.8091 + 0.0060 -0.3 0.8101 + 0.0061
S5 = 05(Qun/0.3)°5 0.8331 0.832 +0.013 0.828 + 0.013 -0.3 0.830 +0.013
Tre e oo 7.68 7.67 +0.73 7.61 +0.75 -0.1 7.64 +0.74
1000, ............ 1.041085  1.04110 + 0.00031 1.04106 + 0.00031 -0.1 1.04108 + 0.00031
Famg IMpc] . ... .. ... 147.049 147.09 £ 0.26 147.26 + 0.28 +0.6 147.18 +0.29

e Two-Point Statistics of Primordial Perturbations



Tensor-to-scalar ratio (r9.002)
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e |ssues with Hot Big Bang: Horizon and Flathness Problems

 Both fixed by accelerated expansion: Inflation, usually posited
to be driven by scalar fields...

Planck 2018 Results X
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Open Questions:

 Ending Inflation?
e |nitial Conditions?
e Eternal Inflation?
e [nitial Singularity?
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Einstein’s Greatest Blunder ,‘

Post-Inflationary Loitering

Superstring Theory/String Gas Cosmology

Emergent Universe inspired by Ellis and Maartens
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e Einstein’s Grea pr=pa ">+ 5402 + V(o)
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Sahni, Feldman, and Stebbins Astrophys. J. 1992

e Post-Inflationary Loitering
e Superstring Theory/String Gas Cosmology

* Emergent Universe inspired by Ellis and Maartens
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e Superstring Theory/String Gas Cosmology

* Emergent Universe inspired by Ellis and Maartens
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e Emergent Universe inspired by Ellis and Maartens

Ellis and Maartens, Class. Quant. Grav., 2004
Ellis, Murugan, Tsagas, Class. Quant. Grav., 2004
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How much “stuff’” do we need to loiter at scale factor a..?
n—23K , - m-=23K ,

da.
m-—n kK2

H=H"=0 ps = a.’ Pe =

m—n k2
n<?2 m >3

Thanks to Einstein, Eddington, and many others, we know this is unstable:

m=4, n=20

m=3, n=1
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Homogeneous and Isotropic Perturbations: a — a.(1 + A(y)) p; = pF(1 + A)

A Maintains balance between

Hubble Equation to O(A): A, = 2—pn ¢ curvature and energy densities

1
Raychaudhuri Equation to O(A): A" + E(m —2)n—2)A =(m—-2)A,

A= B cosh<\/1(m—2)(2—n)n)—1
2—n 2

sign(a’) = sign(A )
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Ignore p. component: H? = —p.a"—K a’'+a= —Z(4—n),0ed3 "
: ( m—21+Ae>1/(n—2). (n_zA 2/(n—2)
a=|-— s1n ;7+17>
n—m az™" 2 0
m=3,n=1,log,,d. = —4 m =4,n=0,log,,d. = —4
\
;
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Preliminary a Preliminary
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i =VEKn i = VEn

We have a loitering phase followed by an
accelerated expansion phase sourced only by two

fluids; note forn < 2,1+ 3w, <0
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e WORK IN PROGRESS

o Stability in “perfect” loitering:

o. + A(ax, m,n, k, cﬁs)és = B(a«,m, n, csz,e)ée

> 0 = 4, 6, bounded

o, + C(ax, m,n,k, csz,e)ée = D(ax, m,n, csz,s)és |

A>0: - : C>0: !
10k ] [
I . 1.0
0.8[ ] [
: g‘§ 0'8f
g e 0.6 : i
S@*\B i 0.6»»
0.4 ] i
I 04t
02[
I 02l
0.0} 1
3.0 3.5 4.0 45 5.0 55 6.0 0.0F

11



Ellis and Maartens, Class. Quant. Grav., 2004

¢ CorreCt POwer SpeCtrum? See Ellis, Murugan, Tsagas, Class. Quant. Grav., 2004

o Matter source with negative w but positive CSZ? See

Bucher and Spergel, PRD 1999

* Tensor Modes?
* Ending accelerated expansion?

e Viable start to inflation?
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